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(57) [Abstract] 

[Objective] It was superior in dust collecting property, at same ti 
me, pressure loss was low, wassuperior in retention of trapping 
performance, offer of honeycomb electret filter and its 
manufacturing method. 

[Constitution] Being a honeycomb electret filterwhich nonwov 
en fabric laminated sheet which electret formation is done 
forming in honeycomb, It is a laminated sheet which it 
possesses aforementioned nonwoven fabric laminated sheet, 
electret-converted nonwoven fabric layer which consists of 
film split fiber yarn (A), arid electret-converted nonwoven 
fabric layer which consists of melt blowing method nonwoven 
fabric (B) , honeycomb electret filter and its manufacturing 
method . 


[ttI¥fR*0>ffB] 

x*Attlcj«»LTtt4/\xaAttxU£ hU7 h?-<^* 
«*fr&fc*xu* hV?Mb*lt* (B) ir£*Tf£«l 


<b?<;uA£ft?&Lrxb>7 Mb^SWr (a) s»fiE 

MbLTXU? hl/7 Mb^&ft (B) £» 


[daim(s)] 

[Qaiml] Being a honeycomb electret filterwhich nonwoven fa 
brie laminated sheet which electret formation is done forming in 
honeycomb, honeycomb electret filter which is a laminated 
sheet which it possesses aforementioned nonwoven fabric 
laminated sheet, electret-converted nonwoven fabric which 
consists of film split fiber yam (A), and electret-converted 
nonwoven fabric which consists of melt blowing method 
nonwoven fabric (B) . 

[Claim 2] Manufacturing method of honeycomb electret filter 
which is included step which electret formation doing 
thermoplastic resin filrr^ after forming electret formation filn% 
fiber splitting doing said electret formation film, forms electret- 
converted nonwoven fabric (A), step which electret formation 
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doing melt blowing method nonwoven fabric which consists of 
thermoplastic resin, forms electret-converted nonwoven fabric 
(B), step which laminate doing aforementioned electret- 
converted nonwoven fabric (A) and electret-converted 
nonwoven fabric (B), forms nonwoven fabric laminated sheet, 
step which said nonwoven fabric laminated sheet forms in 
honeycomb. 

[Claim 3] Manufacturing method of honeycomb electret filter 
which is stated in Claim 2 which does theaforementioned 
laminate with thermal embossing melt bonding method 

[Claim 4] Manufacturing method of honeycomb electret filter 
which is stated in Claim2 which does theaforerrentioned 
laminate with ultrasonic melt bonding method 

[Claim 5] Manufacturing method of honeycomb electret filter 
which is stated in Claim2 which does theaforementioned 
lamination with needle punch method 

[Description of the Invention] 
[0001] 

[Field of Industrial Application] This invention regards honeyc 
omb electret filter and its manufacturing method Especially, it 
was superior in dust collecting property, at same time, pressure 
losswas low, was superior in retention of trapping performance, 
it regards honeycomb electret filterand its manufacturing 
method 

[0002] 

[Prior Art] The method which forms in nonwoven fabric poly 
olefin, forexanple, polypropylene, with melt blowing 
method, inprinting doing direct current high voltage in 
nonwoven fabric which is acquired, produces electret- 
converted nonwoven fabric by electret formation doing is 
disclosed in Japan Unexamined Patent Publication Showa 60- 
168511 number disclosure, Japan Unexamined Patent 
Publication Hei 2-1971 10 nurriber disclosure etc. 

[0003] This electret-converted nonwoven fabric, forming in fo 
r example , pleat, passing stream in inside, Adsorbing by 
electrostatic force , as filter which it removes it has 
beeninformed rubbish , dust or other fine particle in said stream 
that you can use. 

[0004] But, as for filter which uses electret-converted nonwove 
n fabric, (1) pressure loss is high, inaddition, there was a 
problem that (2) particle lifetime is short fronthe plugging 
easy thing. 


ISTA's ConvertedKokai (tm), Version 1 2 (There may be errors in the above translation ISTA cannot 
be held liable for any detriment from its use. WWW: http://www.intlscience.com Tel:800-43O-5727) 


P.3 


JP 95144108 Machine Translation 


[0005] C(DJ:5ScRIIIS»a-r4fc«>l=* TWKXU^ 
a»S*VCl*4 (W&W 5 9-5 1 32 3*^W) o 


[0006] 

-icfclvctu WLt CD tt^E*«*, (2) 
ttft. (3) Stt8^^c03 /Scot >r^t$;15S-r^ct lit! 

[0 0 0 7] *C*C. *56BB(Dlttfi. C0>cfc9fctel^EA 


[0 0 0 8] 

SHtt. hU?Mb*Jfcfc*«*aa5/-h*/\=* 

xu2 ku^ Mb*«* (a) t % >;n* 

frftMlW hU? Hb*«* (B) 


[0 0 0 9] *fc. *£PJ3te* fUB/NXftAttxU? hl/7 

* ;ua£'xu? huv MbLrxu^ hU'v Hb:?-r;uA£ 

n/^nbTiB* (a) s»a-r*xai:» »piatt*»fr 

* Mb^tMf (B) *»jSW*x«i:, lUfixU^h 
l/^HtTIt (A) ti^hU7Mb« (B) 

aiLr«a->-h«»or*xat* aaa*>-h*/\- 


[0 0 10] *S^/\iAAaiL/^ Kby h^-f 


[0005] In order to solve this kind of problem, filterwhich beco 
mes by forming in honeycomb, aforementioned electret- 
converted nonwoven fabric, (Such as Japan Examined Patent 
Publication Sho 59-51323 number) has been proposed . 

[0006] 

[Problems to be Solved by the Invention] But, result these inve 
ntors examining, Regarding this kind of honeycomb electret 
filter, as for beingsatisfiedwhichof3 points of (1) low pressure 
loss, (2) high trapping performance, (3) long period lifetime 
without being possible wasascertained In case of filter for for 
example, air conditioner, it is required that pressure loss below 
nmAq, trapping performance 12% or higjier, lifetime of 
trapping performance for cigarette particle is above thelO 0. 

[0007] Thai, objective of this invention, the honeycomb elect 
ret filter for air conditioner where to have this kind of low 
loss of pressure, it was superior in the trapping performance, 
and lifetime of trapping perfonrancewKdi covers long period, 
and it is to offer method which can produce its honeycorrib 
electret filter. 

[0008] 

[Means to Solve the Problems] In order to solve aforementione 
d problem, as for this invention, being a honeycomb electret 
filterwhich thenonwoven fabric laminated sheet which electret 
formation is done forming in honeycomb, It is something which 
offers honeycomb electret filter which aforementioned 
nonwoven fabric laminated sheet, is a laminated sheet which 
itpossesses, electret-converted nonwoven fabric which consists 
of film split fiber yarn (A), electret-converted nonwoven 
fabric which consists of melt blowing method nonwoven fabric 
(B), 

[0009] In addition, as for this invention, as method in order to 
produce theaforementioned honeycomb electret filter, It is 
something which offers manufacturing method of honeycomb 
electret filter which is included step which electret formation 
doing thermoplastic resin film, after fonrir^ electret 
formation film, fiber splitting doing said electret formation 
filrn forms electret-converted nonwoven fabric (A), 1 step 
which electret formation doing melt blowing method nonwoven 
fabric which consists of thermoplastic resin, forms electret- 
converted nonwoven fabric (B), step which laminate doing 
aforementioned electret-converted nonwoven fabric (A) and 
electret-converted nonwoven fabric (B),forms laminated sheet, 
step which said laminated sheet forms in honeycomb. 

[0010] You explain in detail below, concerning honeycomb elec 
tret filter of this invention (Below, "filter of this invention" ) 
and its manufacturing method 
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[0 0 12] CCD^U^U^ORa^^fcttKJK'Ji-U 

tun*. 7*>sjs^ «*Di^, 3 0 

-COOCH3, -COOC 2 H 5 , -OCOCH3, -O 
C 2i H 5* ~ OCH 2 C 6 H 5* -COOH. -OH, — N 
H 2 , -C0NH 2 . -COONH 4 , 

[0 0 13] 


[001 1] As for filter of this invention, it is something which bee 
omes by forming in honeycomb, laminated sheet which it 
possesses electret-converted nonwoven fabric which consists 
of filmsplitfiberyarn(A), electret formation whichconsists 
of melt blowing method nonwoven fabric (B) . This nonwoven 
fabric (A) and (B) is something which consists of thermoplastic 
resia thenroplastic rein which is used is r^^ 
especially it is possibleto use various thermoplastic resia 
Especially, electret formation being easy, in point where 
retention of theelectric charge and trappirg performance is 
superior, polyolefin type polymer which possesses polar 
group, or polyolefin composition which includes said 
polyolefin type polymer is desirable. As polyolefin type 
polymer or polyolefin composition which possesses this polar 
group, 

(A) Copolymer of monomer which possess polar group and a 
-olefin, 

(B) the modified polyolefin which becomes due to oxidation o 
r halogenation , introducii^ polar group into side chain or main 
chain of polyolefin, 

(Q modified polyolefin which becomes by graft copolymeriza 
tion doing themonomer which possesses polar group, in 
polymer of polyolefin or aforementioned (B), 

(D) Blend of unmodified polyolefin and at least 1 kind which is 
chosen from theaforementioned (A) , (B) and (Q. 

You can list composition which includes mixture etc of polyme 
r alone or aboveas main component. When here, polyolefin 
composition, it includes with modified polyolefin and 
unmodified polyolefin, modified polyolefin and unmodified 
polyolefin, it is possible to be something which consistsof same 
polyolefin initially. It is possible to be something which 
consists of polyolefin whichdiffers. 

[0012] As polar group which this polyolefin type polymer , or 
polyolefin composition which includes said polyolefin type 
polymer has, for example, chlorine atom, fluorine atom, 
bromine atom, iodine or other halogen atom; carbonyl group , 
nitro group or other atom group ; or, below Forrmla : 

<DOCH3,<XX)QH5,-0^ 
5,-COOH<)H-NH2,<DNH2,-COONH4 5 

[0013] 


ISTA's ConvertedKokai(tm), Version 1 2 (There may be errors in the above translation ISTA cannot 
be held liable for any detriment from its use. WWW: http://www.intlscience.com TeI:8(XM30-5727) 


P.5 


JP 95144108 Machine Translation 


[Chemical Fornula 1] 


(i) -r NH -fi\ cu) -fi-°-r . 

0 0 0 0 


Br Br 
CiiO -O^-Br 


Br Br 



(v) -0-CH, -CF, 

COO 14] •CS$*i.5g&£ftfSiif Z*it>to®\S. 
fciitfM * is? < ^t&tfMiiz-ttitix^xt&i^ jut. c 
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[0014] So you can list group etc which is displayed 1 kind or 2 
kinds or more of these polar group, may be included by 
theaforementioned polyolefin type polymer or polyolefin 
composition. Below, this polyolefin type polymer, or 
polyolefin composition which includes said polyolefin type 
polymer, naming, " polyolefin type composition " with you say. 


[0 0 15] *fc. ffiriB (A) fitt*£*-fS*fi{*£. a 

— 'fr\s~3<< lsh<D&MafoO)MW9\£ L"C. it (iii)"C$$ 

fixt (iv) -C££*i-S££frf £2. 4, 6-h'^Qi7 


[0 0 16] *fc. (B) mt^fzit/saf-^tiz^)^) 

*\sz> 4 ^<r)mm*tziz3.mz®tt&£m.\Lxtj:&$z'[±tf 

im*3 a-ttAmmmtz^. y ssssHbr s^tDflnncj: y , 

* u^ofcjfisub L-c#*rtic**lf^«»A. Lr 

S £ t <0 £ # if b ft £ 
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'So 
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[00 1 5] In addition, as concrete example of copolymer of mono 
mer which possess aforementioned (A) polar group and a- 
olefin, You can list pentabrorrophenyl methacrylate which 
possesses group which is displayed with Fornula (Hi), 02,4,6- 
tribromophenyl rrethacrylate which possesses group which is 
displayed with thetype (iv), Otrifluoro ethyl methacrylate 
etc which possesses group which is displayed with thetype (v), 
copolymer etc of ethylene, propylene or other OKrtefia 

[0016] In addition, as concrete exanple of modified polyolefin 
which becomes by introducing polar group into side chain or 
main chain of polyolefin due tothe(B) oxidation or 
halogenation, polyethylene, polypropylene etc, reacting 
with ozone , nitrogen monoxide, etc oxidation it does, or 
surface oxidation is done with corona discharge treatment by or 
other treatment , those which become by forming carbonyl 
group and nitro group in intramolecular, or those which 
become by chlorination doing polyolefin, introducingchlorine 
atom into intramolecular, can list etc. 

[0017] Furthermore, as concrete exanple of modified polyolef 
in which becomes by graft copolymerization doing monomer 
which possesses (Q polar group, You can list modified 
polyolefin which modification is done with modification 
monomer of theat least 1 kind which is chosen from 
unsaturated carboxylic acid or derivative. 

[0018] Aforeircntioned modified polyolefin , or polyolefin wh 
ich is a main conponent of unmodified polyolefin, it is a 
homopolymer of os-olefin, copolymer which consists of a- 
olefinof 2 kinds or more, or blend of 2 kinds or more which is 
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chosen from these. As oolefin, you can list for example, 
ethylene, propylene, 1-butene, 1-pentene, Whexene, iso 
pentene , 4- methyl- 1- pentene , 3- methyl- 1- pentene , 1- 
octene , 1- decene , 1- hexadecene , 1- octadecene , 1- eicosene 
etc. 

[0019] As concrete example ofthispolyolefin, you can list pol 
yethylene, polypropylene, poly- 1-butene, poly- 4- methyl- 
1-pentene, ethylenepropylene copolymer , ethylene 1- 
butene copolymer , ethyl ene4- methyl- 1- pentene 
copolymer , propylene 1- butene copolymer , 4- methyl- 1- 
pentenel- decene copolymer etc. It is easy, strength to be 
higji even among these, to adjust themoderate melt viscosity. 
In point where formation with melt blowing method is easy, 
polypropylene, poly- 1-butene, poly- 4- methyl- 1- 
pentenedesirable. Especially polypropylene beir^j inexpensive, 
it is easy to form, because the electret formation is easy, 
especially it is desirable. 

[0020] In addition, as for this polyolefin, in order to show mode 
rate flow property,productionofnonwoven fabric with melt 
blowing method is easy. In point where nonwoven fabric which 
is superior in strergth isacquired, [rfl, usually, those of range 
of 0.5 to 3 dl/g , preferably 0.7 to 1 .5 dl/g , particularly 
preferably 0.8 to 1.3 dl/g is desirable. In this invention, [r\\ is 
value which is measured in 1 35 °C decalia 

[0021] (Q Modified polyolefin, in aforementioned polyolefin, i 
ssomething which becomes by graft copolymerization doing 
modification monomer ofthe at least 1 kind which is chosen 
from unsaturated carboxylic acid and derivative, modification 
doing . As for this modified polyolefin, same as unmodified 
polyolefin, or it is desirable to use polyolefin where 
compatibility is superior. As conponent of for example, 
polyolefin type composition, when composition which includes 
modified polyolefin and unmodified polyolefin isused, When 
using polypropylene as unmodified polyolefin, it is desirable to 
use polypropylene,as starting material polyolefin of grafted 
polyolefia 

[0022] As unsaturated carboxylic acid or derivative which is use 
d as degeneration monomer in order grafted to do (Q 
themodified polyolefin, anhydride, ester, amide, irride, 
chloride etc of for example, unsaturated carbolic acid, can 
be listed 

[0023] As aforementioned unsaturated carboxylic acid or concr 
eteexanple of derivative, listing the acrylic acid, methacrylic 
acid , vinyl acetic acid , ethyl acrylic acetic acid , 2,4- 
pentadienoic acid , carboxy styrene , maleicacid, fumaricacid, 
itaconic acid , citraconic acid , allyl succinic acid , mesaconic 
acid, glutaconic acid , Nadicacid, methyl Nadic acid , 
tetrahydrophthalic acid , methyl acrylate , ethyl acrylate , 
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butyl acrylate , methyl methacrylate , ethyl methacrylate , 
butyl methacrylate , monomethyl maleate , dimethyl maleate , 
monoethyl maleate , diethyl maleate , monomethyl fumarate , 
dimethyl fumarate , monoethyl fumarate , diethyl fumarate , 
monomethyl citraconate , dimethyl citraconate, monoethyl 
citraconate , diethyl citraconate , monomethyl Nadate , 
dimethyl Nadate , monoethyl Nadate , diethyl Nadate , 
glycidyl acrylate , glycidyl methacrylate , iraleic anhydride , 
itaconic acid anhydride, citraconic acid anhydride, methyl 
hexahydrophthalic acid , 3,6 -endo methylene phthalic 
anhydride, methyl tetrahydrophthalic acid anhydride , 
acrylarride , methacrylamide , maleic acid mono amide , 
maleic acid di amide , maleic acid -N- mono ethyl amide , 
maleic acid -N,N -di ethyl arride , maleic acid -N- mono butyl 
amide , maleic acid -N,N -di ethyl amide , fumaric acid mono 
amide, fumaric acid di amide, fumaric acid -N- mono ethyl 
amide , fumaric acid -N,N -di ethyl amide , fumaric acid -N- 
mono butyl amide, fumaric acid -N,N-di butyl anide, 
maleiiride , N- butyl maleirride , N- phenyl maleirride , sodium 
acrylate, sodium methacrylate, potassium acrylate, 
potassium methacrylate etc. These can also jointly use 1 kind 
or 2 kinds or more combining. Among these maleic anhydride 
is desirable. 

[0024] Graft copolymerization doing above-mentioned modific 
ation monomer in polyolefin, as method which manufactures 
(Q modified polyolefin, various methods of public knowledge 
can be adopted for example, it is possible to do with 
themethod which polyolefin and modification monomer, 
adding radical polymerization initiator under existing of 
sol ventor under absence, or not adding, heating to high 
tenperature, reacts. In addition, styrene or other other vinyl 
monomer it is possible to coexist at thetirre of this reaction 

[0025] Content of modification monomer in (Q modified pol 
yolefin, Namely as for grafting ratio of (Q modified 
polyolefin, Usually, it isa3nt)Ie% or less. Especially in order 
to become range of 1 .5 mole % or less, it is desirable 
tomanufacture. Especially, using modified polyolefin alone as 
polyolefin type composition, when nonwoven fabric (A) 
and/or nonwoven fabric (B) is formed, it is desirable for 
grafting ratio tobe 1 mole % or less. 

[0026] In addition, as for intrinsic viscosity (135 °C, decalin 
)of(Q modified polyolefin, uniformirixingof the 
unmodified polyolefin becomes easy. It possesses moderate 
flow property, in point where production of the melt blowing 
method nonwoven fabric becomes easy, usually, it is a 0.1 to 3.0 
dl/g , preferably 0.3 to 2.0 dl/g , particularly preferably 0.5 to 1 . 
5 dl/g. 

[0027] In this invention, when polyolefin type composition wh 
ich includes unmodified polyolefin and modified polyolefin it 
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uses as theprimary material of aforementioned nonwoven fabric 
(A) and nonwoven fabric (B), content of modified polyolefin / 
unmodified polyolefin in polyolefin type composition, usually, 
is 0.1/99.9 to 20/80 extent with the weight ratio. It is a 
preferably 1/99 to 5/95 extent. 

[0028] In addition, other than aforementioned mcdified polyol 
efin and unmodified polyolefin, in range whichdoes not impair 
objective of this invention, it is possible to polyolefin type 
composition^ combine various additive. As this additive, you 
can list forexanple, antioxidant, ultraviolet absorber, 
pigment, dye, nucleating agent, filler, slip agent, 
antiblocking agent, lubricant, fire retardant , plasticizer etc. 

[0029] Furthermore, can manufacture polyolefin type composi 
tion, following to various usualmethod, to do. for example , 
aforementioned modified polyolefin and/or unmodified 
polyolefin, after nixing various additive, according to need, 
Followir^to method which melt nixing is done, it is possible to 
do. You can list forexanple, ribbon blender , V type blender , 
tumbler, Henschel mixer etc as mixer which is used In 
addition, to do making use of forexanple, singje screw or twin 
screw extruder , Banbury mixer , kneader , dual roll etc it 
ispossible melt mixing. 

[0030] As for laminated sheet which forms filter of this inventi 
on, nonwoven fabric (A)and nonwoven fabric (B) which 
consists of thermoplastic resin which designates 
theaforementioned polyolefin type composition as 
representative example possessing, nonwoven fabric (A) is 
something which consists of film split fiber yarn, nonwoven 
fabric (B) is something which consists of rrelt blowing method 
nonwoven fabric, nonwoven fabric which forms both layers, is 
sorrethingwhich becomes by electret formation being done . 
nonwoven fabric (A) and nonwoven fabric (B) may be formed 
with thermoplastic resin which consists ofthe sameconponent 
It is possible to be formed with thermoplastic resin which 
consists of componentwhich differs. 

[0031] Aforementioned nonwoven fabric (A) is something whi 
ch consists of filmsplit fiber yam fiber splitting doing 
thermoplastic resin film, if it is something which is produced, 
themanufacturing method especially is not restricted 
thermoplastic resin which designates for exanple, 
aforementioned polyolefin type conposition asthe 
representative exanple is melted with extruder, extrusion doing 
from circular die, film it forms. This film with slitter is cut off 
in constant width, or without cutting off, fiber splitting doing 
film by drawing doing above elongation, itproduces split fiber 
yam Next, with forexanple, carding or other equipment in 
transverse direction of sheet dispersion doing thissplit fiber 
yam, in uniform Next, it can produce by with such as 
preferably embossing roll pressure bonding doing 
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[0032] As for this nonwoven fabric (A), it is a electret-convert 
ed nonwoven fabric which average fiber diameter of single fiber 
being 20 to 60 pm, at same time, is above apparent weight 
lOto 30^rrt2 , bulk density 0.05 to 0.2 g^cnU, and average 
surface charge density 0. 1 xl 0-9 C/cnt2. Here, electron 
microscope photograph (500 time) of fiber sample surface 
photography it does average fiber diameter of the single fiber, in 
this invention, it chooses fiber of 3 Ooptionally on 
photograph which is acquired, fiber diameter of each fiber is 
measured making use of calipers etc. Calculating mean value of 
measured value of each fiber diameter, it is a value whichis 
sought. 

[0033] In addition, it is possible to do electret-formir^ process 
of nonwoven fabric (A), atthetimeof film molding. After 
forming it is possible to do nonwoven fabric with method which 
thesaid nonwoven fabric electret formation is done. When here, 
it does at time of film molding because it is superior 
inefficiency of electret fbrmatioa trapping performance, 
becomes satisfactory in comparison with case where theelectret 
formation it does nonwoven fabric after forming, is desirable. 

[0034] Inprintirg doing direct current voltage in nonwoven fa 
brie or film, to do it is possible theelectret formatioa as for 
direct current voltage which imprinting is done, electrode shape , 
electrode spacing etc which is used, In addition, following to 
charging amount of electric charge , process rate etc which is 
required to the electret-converted nonwoven fabric, it is selected 
appropriately. When for example, electrode spacing is 8 mm, 
inpintingdoir^ direct current voltage of -5 kV, preferably - 
6 to -20 kV atleast in nonwoven fabric, it is possible to do. 

[0035] Following to any method, it is possible to do inprinting 
of direct current vo!tage,especial ly is not restricted, for 
exanple , method which nonwoven fabric or film passing 
between pair of electrodes which through direct current voltage 
irrprintingisdone it does. ; method which adds corona 
discharge , pulse high voltage to surface of nonwoven fabric. ; 
method etc which keeps both front and back sides of 
nonwoven fabric with otherdielectric, adds direct current high 
voltage to both surfaces, It is possible to do with any method 


[0036] *5>|- % (b) 5 n- 


[0036] Furthenrore, melt blowing method nonwoven fabric whi 
ch forms nonwoven fabric (B) first, thermoplastic resin , 
preferably polyolefin type conposition which before was 
inscribed, supplying to extruder etc, heating and melting, 
kneading, extrusion it does as microscopic resin stream from 
die for melt blowing whichpossesses multiple pore. Contacting 
with heated g^s stream of high speed to cool resin stream which 
waspushed out, solidification doing, forms in discontinuous 
fiber of microscopic fiber diameter, can produce by 
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[0037] As for heating temperature inmeltingand kneading of 
polyolefin type composition, It is adjusted appropriately by 
melting point of polyolefin which is amain component of 
polyolefin type compositioa polyolefin forming, decrease 
molecular weight reduction it does not do, nonwoven 
fabricwhich possesses satisfactory mechanical strength is 
acquired In addition, melt viscosity of polyolefin type 
composition which is melted beingrroderate, point where melt 
molding becomes easy. Usually, 200 to 350 °C extent, 
especially, it is desirable to do in range of the220 to 300 °C 

[0038] Melt nixing of polyolefin type composition and extrusi 
on amount of extrusion, usually, are thelO to 1 30 kg^h extent. 

[0039] In addition, die for melt blowing which is used, is somethi 
ng which thepolyolefin type composition which is melted 
pore which discharges in end lip, the large number it possesses. 
Usually, it is something of width 1000 to 2000 mm This pore 
is installed, in end lip, usually, 800 to 3000. hole diameter, 
usually, is 0.5 mm extent 

[0040] In addition, in die for melt blowing as for molten poly 
olefin conposition, it contacts with heated gas of high speed, is 
divided, draft being done with molten state, as it is prolonged 
to fiber length direction,furthermore fining of fiber diameter 
advances. Because of that, die for melt blowing, possesses 
equipment which introduces heated gps stream of the high 
speed, polyolefin type composition and heated g3s stream 
which with inside of die or outside of die, is melted contacting 
forms in microscopic discontinuous single fiber. This 
equipment, may be something which becomes by arranging 
spray outlet of heated ges stream in inside of diefor melt 
blowing , it ispossible to be something which becomes by 
arranging spray outlet of heated g?s stream, in order to blow 
heated gas stream to polyolefin composition which is melted in 
aid lip outsideof die for melt blowing . 

[0041] Heated gas is not restricted especially, hot air is used gen 
erally inthe point of cost. It is possible to use inert gps which is 
heated in order to preventthe deterioration of polyolefin type 
compositioa temperature of heated g?s stream usually, with 
200 to 360 °C , particularly preferably 230 to 3 10 °C it is 
desirable for 10 °C extent to beat least higher than 
thetemperature of polyolefin composition which is melted. In 
addition, as for flow rate of heated gps stream, usually, it is 
desirableto be a 100 to 600 nVsec and especially 200 to 400 
nVsec extent. 

[0042] Accurrulating microscopic discontinuous sir^le fiber whi 
ch discharges from die for melt blowingon porous support, 
melt blowing method nonwoven fabric of web can be acquired. 
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As this porous support, it is possible to use mesh structure etc 
which consists oft he forexanple, stainless steel , polyester 
etc. 

[0043] As for this nonwoven fabric (B), as for average fiber of 
single fiber, moderate air permeability possessing. In point 
where dust collecting property for microscopic powder dust is 
satisfactory, usual ly, i t is a 0.5 to 1 0 |jm extent, is a range of 
particularly preferably l to 6 |jm fiber length, usually, is 50 
to 400 nrn extent. In addition, bulk density is 0.05 to 0.40 
gfarB extent, apparent weight has moderate air permeability, 
the nonwoven fabric where strength is high is acquired In 
addition, in point where scatter of local apparent weight is little, 
usually, it isa 5 to 100 gfa2 extent. Range of especially 10 to 
80 gfaG is desirable. 

[0044] Furthermore, thickness of nonwoven fabric (B) is decid 
ed, following to the apparent weight and bulk density,, but 
usually, it isa0.l/0.7nmextenL 

[0045] As for electret formation of this nonwoven fabric (B), i 
t is possible to do with method which is similar to electret 
formation ofthe aforementioned nonwoven fabric (A). 

[0046] Furthermore average surface charge density of nonwove 
n fabric (B), in point which can show thesufficient dust 
col l ecti ng performance as electret, usually, is above O.lxlO-9 
C/arQ. It is a preferably 0.3 to 5xl 0-9 <7cirt2. 

[0047] In addition, as for limiting viscosity [r\\ (135 °C , de 
calin ) of thermoplastic resin which forms single fiberwhich is a 
constituent material of electret-converted nonwoven fabric 
(B), It is a 0.3 to 1 .5 dl/g, is a preferably 0.5 to 1 .0 dl/g. 

[0048] Laminated sheet which forms filter of this invention afo 
rementioned nonwoven fabric (A) with is something which 
possesses nonwoven fabric (B). layer configuration of 
laminated sheet, can take constitution of nonwoven fabric (B)/ 
nonwoven fabric (A) / nonwoven fabric (B) and nonwoven 
fabric (A) / nonwoven fabric (B) / nonwoven fabric (A) in 
addition toconstituting nonwoven fabric (A) / nonwoven fabric 
(B). laminated structure which becorres nonwoven fabric (A)/ 
nonwoven fabric (B) , is most desirablein point which can 
achieve objective of this invention. 

[0049] In addition, thickness where nonwoven fabric (A) in la 
minated sheet is desirable isthe 0.1 to 0.5 rrm thickness where 
nonwoven fabric (B) is desirable is 0. 1 to 0.7 mm thickness 
where laminated nonwoven fabric sheet entirety is desirable is 0. 
2toInm 

[0050] Production of laminated sheet, winds aforementioned no 
nwoven fabric (A) and nonwoven fabric (B),respectively in roll. 
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From roll drawing out respective nonwoven fabric with same 
velocity. Supplying to equipment which larri rated layer 
integration is done, laminated layer it does, method which 
retracts laminated sheet which is acquired can beadopted. In 
addition, when nonwoven fabric (A) forming, introducing 
nonwoven fabric (B) intothe maiding equipment in 
simultaneous, laminated layer is done also method which can 
adopt both. 

[0051] forexairple, hot roll , ultrasonic melt bondir^ etc can 
be listed as equipment in order laminate integration to do the2 
nonwoven fabric. It is desirable to do lamination, with hot roll 
rrethod with embossing roll whichheats both nonwoven sheets 
to 1 10 °C to 140 °C In addition, laminate it is desirable with 
condition of frequency 10 to 50 KHz , horn pressure 2 to 4 
kgfartlregflrding ultrasonic melt bonding, to do. Among these 
larrinate method, because stiffness of molded article is high, 
, honeycomb moldability in point where satisfactory laminated 
sheet is acquired, thermal embossing melt bonding method 
whose disappearance of electric charge is little is moredesirable. 

[0052] Filter of this invention, is something which becomes by 
aforementioned laminated sheet forming in honeycomb . 
Especially it is not restricted this laminated sheet as method 
which forms inthe honeycomb, for example , aforementioned 
laminated sheet in constant width after slit,folding, or are bent 
in continuous. Forming pleat in entire surface of nonwoven 
sheet, it can give thickness. You can list method which forms 
structure which possesses multiple continuous space , namely 
honeycomb cell. As for glueing of contact of laminated sheet, 
it is desirable to adheremitually by melt adhesion doing 
adhesive and laminated sheet. 

[0053] As manufacturing method of this honeycomb cell, as sh 
own in for example , Figure 1 (a), laminated sheet 1 
whichpossesses nonwoven fabric (A) and nonwoven fabric (B) 
is bent to continuous, it produces 1st sheet 4 which it possesses 
continuing multiple ridge 2and valley 3 . This 1st sheet 4, is 
superposed to flat 2nd sheet 5 which consists of laminated 
sheetwhich possesses nonwoven fabric (A) and nonwoven 
fabric (B). Glueing bottom part 6 of valley 3 to surface of 2nd 
sheet 5, as shown inthe Figure 1 (b), it produces constituting 
unit 7. As next, necessary number of layers after producing this 
kindofconstitutingunit7, shownin Figure 1 (c), first 
constitution unit 71 and second constitution unit 72 laminated 
layer are done. It glues head 8 of ridge 2 of first constitution 
unit 7l , to bottom surface of the second constitution unit 72 . 
Furthermore, on constituting unit 72 of 2nd, laminated layer 
do\x\g constituting unit 73 ofthe 3rd in same way. It glues head 
of ridge of constitutirg unit 72 of 2nd, to thebottom surface of 
constituting unit 73 of 3rd. This laminated layer and bonding 
step over ag^ia Or combination of pair which 1 st sheet 4 and 
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2nd sheet laminated layer isdone large number is formed. 
Necessary number of layers repeatir^ combination of pair, you 
canlist method which forms structure which possesses multiple 
honeycomb cell 9. 
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[0054] As for filter of this invention, thickness of honeycomb 
5 to 20 mm . shape of unit cell of honeycomb, is kind of 
something which isshown in Figure 1. Usually, height of cell 
baseof 1 toSmm, cell is something ofthe 2 to 10 mm 

[0055] 

[Working Example(s)] Next, listing Working Example, further 
more you explain this invention concretely,but if this 
invention does not exceed gist, it is not something whichis 
restricted in these Working Example. 

[0056] (Working Example 1) Polypropylene (A) 97 parts by w 
eigfrt which is a density 0.91 gfcm3, and MFR800g^l0min ( 
ASTM D 1238), maleic anhydride-modified polypropylene 
(B) (graft amount :2.7 weight % , intrinsic viscosity :0.3 dl/g of 
maleic anhydride) 3 parts by weight, mixing with tumbler 
blender, polyolefin composition ( conposition I) was 
manufactured content of maleic anhydride in this composition 
I was 3.9x10-2 mole%. 

[0057] Next, to throw this conposition I to single screw extrud 
er of screw diameter 65 rrm diameter, melting with the3 1 0 °C 
From die for melt blowing which is connected to end of the 
extruder, extrusion it does with extrusion amount of 20 kgTi 
takeup , with take-up speed 1 3 nVrrin , melt blowing method 
nonwoven fabric it formed . As for die for melt blowing which 
you use, molding hole (hole diameter :0.5 mm diameter, hole 
spacing :0.8 mm) in th£2 line is opened with die width :1.3m 
over die entire width. In addition, hot air of320°C injection 
was done to diefor melt blowing with flow of 500 mS/hr at 
timeofthisfonring. 

[0058] As for thickness of melt blowing method nonwoven fabr 
ic which it acquires 0.49 mm. As for apparent weight as for 30 
gfac, bulk density it was a 0.067 gfcmS. In addition, observing 
fiber which forms melt blowing method nonwoven fabric with 
m*croscope,when it measured average fiber diameter, it was a 4 
\m Furthermore, [r\\ of resin which forms this fiber was 0. 
58 dl/g. 

[0059] Next, this melt blowing method nonwoven fabric, in Ion 
gitudinal direction arranging needle electrode into 2 linewith 5 
mm interval, in charging equipment which becomes by 
constituting while inprinting doing direct current voltage of 
-1 8 kV, with velocity of the20 m/min passing in continuous, 
electret formation melt blowing method nonwoven fabric was 
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produced. 

[0060] When average surface charge density of electret formati 
on melt blowing method nonwoven fabric which it acquires was 
measured, it was al. 2x10-9 C/cnrC. Furthermore, 
measurement of this average surface charge density Institute 
for Physical and Chemical Research (RIKEN) make used 
thesurface charge density measuring apparatus. Contacting 
nonwoven fabric surface, it did electrode probe of surface area 1 
cm2. 

[0061] Mixing polypropylene ( Mitsui Petrochemical Industrie 
s, Ltd make, Hpol B200 and MFR :0.5 ^10 min ) 9000g, 
polycarbonate ( General Electric Co. make and Lexan 101) 
500g and maleic anhydride-modified polypropylene ( amount 
of grafted maleic anhydride : 3 wt% ) 500g itmanufactured 
resin conpositioa 

[0062] Supplying resin corrposition which it acquires, to inflati 
on film moldir^ machine ( Toshiba Machine Ltd. make). With 
240 °Q it formed in film of thickness 30 pm Next, with 
hot plate which is heated to 135 °Q in machine direction 
thedrawing doing this film, with draw ratio of 6. 6-fold, drawn 
film was acquired Next, applied voltage -9 kV ( direct current 
), corona discharge of electrode interval :8 mm extremely 
supplying the drawn film, with residence time 0.5 second After 
administering charging, applying on sharp peak shape roll, 
fiber splittir^ itdoes in mesh, electret formation split: fiber 
yarn which is acquired was retracted in paper tube. This electret 
formation split fiber yarn with cutter is cut off in 90 mm 
Opening cotton doing with cotton opener, it acquired the 
electret formation raw cotton. 

[0063] Next, supplying this electret formation starting fiber to 
web-forming machine, it formed in web. 

[0064] Supplying to thermal embossirg roll which sets this web 
and aforementioned electret formation melt blowing method 
nonwoven fabric, tothe 130 °C With bonding pasting 
together, laminated sheet of electret-converted nonwoven 
fabric of apparent weight :25 gfal2 , thickness 0.32 mm was 
acquired 

[0065] Next, following to step which shows this laminated sheet 
in Figure 1 (a) to (c), it consists of honeycomb sheet of 30- 
stage. honeycomb electret fi Iter wtiich 70 it possesses 
honeycomb cell of base 4.2 mm, height 2.7 mm wasproduced 
This honeycomb electret filter is cut off. Vertical 70 mm , 
filter for test of side 297 nm, thickness 5 mm was drawn up. 

[0066] FolIowingtrappingefficiencyoffilterforthistest,tobe 
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produced. 

[0060] When average surface charge density of electret formati 
on rrelt blowing method nonwoven fabric which it acquires was 
measured, it was al .2x10-9 C/cm2. Furthermore, 
rreasurerrentofthis average surface charge density Institute 
for Physical and Chemical Research (RIKEN) make used 
thesurface charge density rreasuring apparatus. Contacting 
nonwoven fabric surface, it did electrode probe of surface area 1 
crrC. 

[0061] Mixing polypropylene ( Mitsui Petrochemical Industrie 
s, Ltd. make, Hipol B200 and MFR :0.5 g/10 rrin ) 9000g, 
polycarbonate ( General Electric Co. make and Lexan 101) 
500gand maleic anhydride-modified polypropylene (amount 
of grafted maleic anhydri de : 3 wt% ) 500& itmanufactured 
. resin compositioa 

[0062] Supplyirgi^inoonnposition which it acquires, to inflati 
on film molding machine ( Toshiba Machine Ltd. make). With 
240 °Q it formed in filmof thickness 30 urn Next, with 
hot plate which is heated to 135 °Q in machine direction 
thedrawing doing this film, with draw ratio of 6. 6-fold, drawn 
film was acquired. Next, applied voltage -9 kV ( direct current 
), corona discharge of electrode interval :8 mm extremely 
supplying the drawn film, with residence time 0.5 second. After 
administering charging, applying on sharp peak shape roll, 
fiber splitting itdoes in mesh, electret formation split fiber 
yarn which is acquired was retracted in paper tube. This electret 
formation split fiber yarn with cutter is cut off in 90 ran 
Opening cotton doing with cotton opener, it acquired the 
electret formation raw cottoa 

[0063] Next, supplying this electret formation starting fiber to 
web-forming machine, it formed in web. 

[0064] Supplyingto thermal embossing roll which sets this web 
and aforementioned electret formation melt blowing method 
nonwoven fabric, tothel 30 °C. With bonding pasting 
together, laminated sheet of electret-converted nonwoven 
fabric of apparent weight :25 g/rrfi , thickness 0.32 mm was 
acquired. 

[0065] Next, following to step which shows this laminated sheet 
in Figure 1 (a) to (c), it consists ofhoneycomb sheet of 30- 
stage. honeycomb electret filter which 70 it possesses 
honeycomb cell of base 4.2 mm , height 2.7 mm wasproduced. 
This honeycomb electret filter is cut off. Vertical 70 mm, 
filter for test of side 297 mm, thickness 5 mm was drawn up. 
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low-mentionedmethod, it measured. Also eachtimeSit 
indicated measurement result, with mean value of themeasured 
value. Result is shown in Table 1 . 

[0067] Measurement of trapping efficiency 

Trapping efficiency was measured making use of equipment whi 
ch shows outlinein Figure 2. First, it supplied inside chamber 13 
which introduces clean air theNaCl particle ( particle diameter 
:0.3 |jm), via air filter 12 from aerosol generator ( Niton 
Kagaku Kogyo Co., Ltd supplied ) 1 1. After concentration of 
NaCl inside said chamber 13 becomes fixed (2 to 6x106 /cm3 
), with suction equipment 14, through filter sample 15 which 
is arranged in bottom ofthe chamber 1 3, it absorbs in direction 
of arrow A When filter-penetrating air speed becoming 
constant rate (v=lO cm/sec) , NaCl particle concentration 
Gn and Cout i n upstream 16and downstream 17 side of filter 
sanple 25 is measured due to therespective particle counter ( 
Rion supplied, KC-01B) 18a,18b. trapping efficiency was 
sought with below Forrrula. As for 19 as for flowmeter , 20 it 
is a flow-regulating valve. 

Trapping efficiency E= (1- Cout / Cin ) xlOO [ % ] 

[0068] Measurement of loss of pressure 

Making use of differential pressure gpuge ( Yamatake Honeywel 
1 supplied , KD146), it did in measurement sinnltaneous of the 
trapping efficiency. 

[0069] Measurement of filter lifetime 

As shown in Figure 3, in inside of box 21 of acrylic resin of the i 
nternal volume 1 rrG, equipment which installs corrmercial air 
conditioner ( Matsishita Electrical Industrial Co., Ltd. make , 
Eblia ) 22and agitating fan 23 was prepared Next, test filter is 
set inside air conditioner, injection after doing smoke which 
burning, generates ci^retteinside box 21, It measured 
attenuation of smoke concentration inside box 21, making use 
ofthe powder dust meter ( Shi bata science Ltd make and P-5). 
First, with state which does not set filter to air conditioner, 
injection after doing smoke which when burning, generates 
thetobacco 1 inside box 21 . air conditioner 22 operatir& it 
seeks half-life which becomes 1/2 of theinitial stage 
concentration, makes blank value, cigarette specified number 
burning, collecting smoke which occurs in thefilter. When, 
halflife of amount of powder and dust inside box arriving to 1/2 
ofdifference of blank value and initial value, integrated number 
burned of cigarette is designated as thelifetime of filter. 

[0070] ( Workiig Example 2) In composition I of Working Exa 
mple 1 , other than modifying theirix ratio of polypropylene 
(A) /(maleic anhydride grafted polypropylene (B). ) in 95/5, 
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electret-converted nonwoven fabric is produced to similar to 
Working Example 1. Furthermore, filter was drawn up. 
content of maleic anhydride in composition which is used for 
conpilationof filter was 6.5x10-2 nx>le%. as for bulk 
density of fi Iter which is acquired 0.065 g^crrO . As for 
average surface charge densi ty 1 .4x10-9 C/crrC . As for [r\\ 
of resin which forms fiber 0.57 dl/g , average fiber diameter 
was4(jm In addition initial stage performance of filter, 
and tobacco lifetime were measured Result is shown in Table 1. 


[0071] (s««3) s*s«KD»ai=*y»5>*ifc7 
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[0071] (Working Example 3) In place of filter which is acquired 
with method of Working Example 1, Other than using 
laminated nonwoven fabric sheet which is acquired with 
ultrasonic treatment ( processing condition ; horn pressure :2.6 
kgtari2, frequency :20 KHz , process rate :25 xufnin ) by 
laminate doing electret-converted nonwoven fabric (A) and 
electret-converted nonwoven fabric (B), doing in same way as 
Working Example 1, it produces filter, initial stage 
performance of filter, and cigarette lifetime were measured. 
Result is shown in Table 1 . 

[0072] (Corrparati ve Example 1 ) In place of filter of Working 
Exanplel, other than usingonly electret-converted nonwoven 
fabric which is acquired from spl it fiber yarn , honeycomb 
electret filter was produced to similar to Working Example 1. 
as for bulk density of filter which is acquired 0.092 gfarfl . 
basis weight was 25 gfarC In addition, initial stage 
performance of filter, and tobacco lifetime were measured. 
Result is shown in Table 1. 

[0073] (Conparative Example 2) In place of electret filter of 
Working Example 1 , other than using only electret-converted 
nonwoven fabric (B)which is acquired with melt blowing 
method , honeycomb electret filter was produced to similar to 
Working Example 1 . as for bulk density of filter which is 
acquired 0.067 gfarfi . As for apparent weight as for 25 ^cm2 , 
average surface charge density it was a 1.3x10-9 C/cnU In 
addition, initial stage performance of filter, and tobacco 
lifetime was measured. Result is shown in Table 1. 
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[0075] 

[Effects of the Invention] Honeycomb electret filter of this inv 
ention consists of 2 layers or more of 
aforementionednonwown fabric (A) and nonwoven fabric (B). 
In comparison with honeycont) electret filter which consists of 
only conventional melt blowing method nonwoven fabric, 
pressure loss is low, at same time trapping performance is 
superior. In addition, when you compare to filter which is 
formed with thenonwoven fabric which consists of 
conventional split fiber yam, long period lifetime of trapping 
performance is superior. 

[0076] Because of that, as for honeycomb electret filter of this 
invention, utilizing theabove-mentioned feature, can use for 
ideal as air conditioner , air cleaning machine , vacuum cleaner , 
fan heater and or other air filter for generalair conditioner , 
automobile interior. 

[0077] In addition, as for honeycomb electret filter of this inve 
ntion, when it uses as air filter, trapping performance of initial 
stage not only high, trapping performance continues. Because 
lifetime of filter is long it is useful. 


[Brief Explanation of the Drawings)] 


[Hi ] *S$CD/\-*>A#xL/^ hl/y h?* )\,$-G> 


[Figure 1] Figure which explains principal step of manufacturin 
g irethod of thehoneycomb electret filter of this inventioa 

[Figure 2] Conceptual diagram which explains measurement m 
ethod of trapping efficiency which was done in theWorki ng 
Exanple and Comparative Example of this inventioa 
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[Figure 3] Conceptual diagram which explains measurement m 
ethod of filter lifetime which was done in the Working Exanple 
and Corrparative Exanple of this inventioa 

[Explanation of Reference Signs in Drawings] 

1 laminated sheet 

2 ridge 

3 valley 

4 1st sheet 

5 2nd sheet 

6. bottomof valley 3 
7 constituting unit 
8. topof ridge2 
9 honeycomb cell 

11 aerosol generator 

12 air filter 

13 chamber 

14 suction equipment 

15 filter sanple 

16 . upstream of filter sanple 15 

17 . downstream of filter sanple 15 
18a, 18b particle counter 

19 flowmeter 

20 flow-regulating valve 

21 box 

22 air conditioner 

23 agitating fan 
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[Figure 1] 
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[Figure 3] 
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